Riveting is the most common method of assembling sheet metal parts which are widely used in the assembly of aircraft and other areas. The rivet can be divided into two types: manual and automatic. There are many parameters associated with a riveting process that directly affect the quality of rivets including squeeze force, rivet length, rivet diameter, and hole diameter tolerance. So it's very important that each component of a rivet has high reliability and precision to ensure the stability during the riveting process. This paper reviews various recent patents in the key components of both types of rivets and various applications. The patents reviewed concern a period extending from the years 2000 up to date. The applications concern mainly both types of integrated rivets covering the area connected with the production of aircraft, auto and other industrial mechanism using modernization that has reached by material replacing, geometry, and embedding additional units into main design The list of patents reviewed is by no means complete or extensive it shows however the extent of the subjects covered in patents in this area during the last five years. The paper concludes with a description of the future developments expected in the subjects covered.
INTRODUCTION

Riveting Invalidation
Sheet metal parts are very common in the aircraft industry. Most sheet metal parts used in aircraft assembly are joined using rivets. Failure of such an assembly could have severe consequences. For example, the 1988 Aloha Airlines Flight 243 disaster, in which a portion of the passenger compartment disintegrated and resulted in one civilian casualty and several passengers sustained life threatening injuries, was attributed to a failure at and around one of the rivet holes which propagated to the whole assembly [1] . Rivet failure in aircrafts is mainly caused by a combination of three factors: induced stresses during manufacture, thermal fatigue, and vibration. Of these, thermal fatigue and vibration are difficult to control. Hence, reducing induced stresses during the riveting process is essential to reducing rivet failures. Several factors in the riveting process contribute to the induced stress. The controllable parameters of the riveting process include squeeze force, rivet length and diameter, sheet hole diameter, and countersunk depth. These parameters determine the final geometry of the rivet buck tail and stresses induced on the joint. These parameters are often selected based on data specifications from handbooks and the riveter's experience. The correct value of squeeze force depends on rivet size, rivet type, type of rivet gun or squeezer, sheet thickness, and the pneumatic pressure. It is important to use the correct range of squeeze force to form the driven head of a rivet. The squeeze force is not only responsible for the final geometry of the driven head, but also the complex residual stress field that develops in and around the hole and rivet, which can be used to strengthen the joint. However, the quality of the rivet head and the amount of squeeze force to be applied can be influenced by the dimensions of the rivet as well. The driven head (buck tail) of the rivet must meet particular standards. The acceptable dimensions of formed rivet head diameter and height for various sizes of rivets can be found in the Military Standard Handbook and the Standard Aircraft Handbook. The standard indicates the final geometry of the formed rivet head as well as the need for a tight match between rivet head and sheet hole (zero gap) as the workpieces will get a firm connection. This is used as a quality check on the formed rivet head.
Riveting Model
Rivet length, rivet diameter, hole diameter, and squeeze force are major parameters that affect the quality of formed rivets. To study the effect of variation in these parameters on the quality of produced rivets, a finite element (FE) model of the riveting process is developed and validated. The following sub-sections describe the details of the FE model development and validation.
Element Selection
By using axisymmetric 2D elements, the need for 3D modeling can be avoided. Four node axisymmetric shell elements with reduced integration of three points are used to represent sheets and rivet. 2D shell elements are used with 0.001 inch thickness. A typical mesh and schematic of the axisymmetric model are shown in Fig. (1) .
Boundary Condition
The edges of the sheet are constrained for displacement and rotation along the x-and z-axes, and are allowed to move only in the y-direction (axis convention is shown in Fig. (1) . The riveting tools were modeled as rigid bodies with no rotational degrees of freedom. The punch and bucking bar are constrained on all degrees of freedom, except for the y-direction displacement. The finite element model and its boundary conditions are shown in Fig. (1) .
Material Modeling
The material of the rivet and sheet is isotropic plasticity model with rate effects, which uses power hardening rule, with the following equation, =K n, where is true stress, is true strain, K is the strength hardening coefficient and n is the strength hardening exponent.
Contact Condition
The model includes contacts between rivet and sheets and in the interface between the upper and lower sheets, and in between the riveting tools -a flat bucking surface and the rivet, and the punch tool and the bottom of rivet. The contact analysis was conducted using LS Dyna automatic surface to surface contact with penalty and penetration check. With this approach, explicit definition of point to point contact was eliminated; user could define master and slave pair surfaces (slave being the rivet), allowing to generate internal contact elements as needed. Coulomb friction at the interface with exponential interpolation between static and dynamic friction coefficients was specified.
Mesh Selection
Simulations of riveting allows for large plastic deformations of the rivet, which results in distorted elements in the rivet. When elements become distorted, the computational time increases and can even be terminated. To minimize the distortion of elements in the rivet, adaptive meshing is used, which makes it possible to maintain a highquality mesh throughout an analysis, even when large deformations occur, by allowing the mesh to move independently of the material and rebuilding the mesh in a defined area during the simulation.
Riveting Monitoring and Control
In the industrial area, there exists a large number of machines applying PLCs to constitute a powerful tool for automating sequential industrial processes as well as automatic riveting progress. The PLC particularly provides superiority in easy programming as well as digital communications I/0. Ascendant capacity in complex sequence control functions is also provided. For this reason, the PLC like Mitsubishi series has been still widely used in modem industry since it was produced by GM Company in 1968 [2] . Consequently, the learning/teaching of some form of PLC sequence control in each and every EE or engineering program is compulsory today. However, PLCs do have some certain limitations, such as graphical programming and Internet connection.
Nowadays, the Internet has been constantly visible and spread through around the world. The Internet was first used for remote terminal login, file transfer, e-mail and newsgroups. Web publishing was then available. Now the Web commerce becomes one major business. In some particular circumstances, such as in a dust-free environment, wireless monitoring and control system may be required. Accordingly, the combination of LabVIEW and PLC based on Wireless Internet can settle to a solution for the HumanMachine Interface (HMI) sequential control.
Because of significant network applications in a broad of fields, the development of remote monitoring and control system via the Wireless Internet has led modern industrial equipment/facilities. Thus, the riveting control system includes an automatized riveting process with X/Y platform controlled by PLC based on HMI interface. One PC (the server side) linked by the remote PC (the client side) via World Wide Web works with the PLC coincidentally. The 
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history of workpiece riveting can be also recorded and tracked for the production management. The proposed approach can be easily expanded to a variety of applications, and provide a good guide for automation engineers to advance the Wireless Internet programming efficiency.
Electromagnetic Riveting
Increased performance requirements in the fastening of fatigue-critical structures have necessitated the development of new riveting techniques. Electromagnetic riveting (EMR) is a new kind of riveting technique based on eddy current repulsion between a copper pancake coil and a copper driver plate [3] . The rivet formation dynamics of EMR are significantly different from the dynamics involved in pneumatic and hydraulic systems. The process has a series of characteristics such as high rate of material deformation, large plastic strain, quality consistency and so on, which especially contribute to form high strength and hard deformation material with high yield ratio and strain ratio sensitivity [4] . EMR is not restricted by product structure and the expansion is uniform along rivet shaft. By using EMR, the initial assembling damage of the composite can be restrained effectively and the larger-sized and high strength rivets are possible [5] . Up to now, EMR has been introduced in a wide range of applications in automated manufacturing and particularly in the wing spar assembly of the aerospace industry [6] .
The theoretical studies of EMR include the analysis of the electromagnetic field and the rivet deformation with the action of magnetic force. According to the principle of EMR, the riveting force is produced by the interaction between electric field and magnetic field, so the analysis of electromagnetic field is the foundation of deformation analysis. Since A. Schmilt first filed a patent of EMR, a significant amount of research work which mainly focused on the deformation analysis has been done. In the presentwork, an electromagnetic field model, in which the electric circuit and magnetic circuit are coupled, is established on the platform of ANSYS/Multiphysics and a deformation analysis model is created in ANSYS/LS-DYNA. The rivet deformation and composite joining are investigated by optical microscopy.
Self Piercing Riveting
The self piercing riveting (SPR) is a relatively new fastening technique which has encountered the favour of many producers for its wide applicability and its better performance in joining aluminium sheets than resistance spot welding [7] .
It is a cold forming process which creates a strong mechanical interlock between two or more sheets by means of a semi-tubular rivet, which, pressed by a punch, pierces the upper sheet and flares into the bottom one. If the rivet length is correctly chosen, the lower plate goes under heavy deformation but remains unbroken; that ensures a corrosion, gas and waterproof stable joint [8] .
The need of improving the mechanical performances of SPR joints, in terms of tensile-shear, impact and fatigue strength, requires an in-depth knowledge of the process and the capability of rapidly determining how tuning process parameters with respect to the joint configuration. A much more effective alternative to trial and error experiments incorporating with engineers' knowledge and experience consists of numerically simulating SPR process [9] .
Self-piercing riveting is a relatively new joining method in the automotive field, where it can be used to join thin sheet material. The technique involves clamping the sheets to be joined between a blank-holder and an upset die and forcing a rivet to pierce the upper sheet and flare into the bottom sheet under the influence of an upset die. The technique has many advantages. Unlike conventional riveting, it does not require a pre-drilled hole, thus saving labour and time. Apart from this, a wide range of materials can be joined, including combinations of similar or dissimilar materials. In comparison to spotwelding, the process is environmentally friendly due to the low energy requirement, low-noise and no fume emissions and involves no heating. In addition, the process is simple and automated, while the capital and operating costs are low. Self-piercing rivets were originally designed for the construction industry and were subsequently used in domestic products including washing machines and ventilation systems. Research in this area has shown that self-piercing riveting of aluminium alloys gives joints of comparable static strength and superior fatigue behavior to spot-welding [10] . Therefore, the tech-nique offers a solution to the automotive industry as the increasing use of lightweight aluminium alloys for auto-mobile bodyin-white applications needs to be balanced against the wellknown problems of spot-welding of aluminium alloys. Audi A8, the first generation of aluminium space frame vehicle first adopted this joining technique in its assembly followed by other automotive companies including Mackenzie, Jaguar and Volvo.
RECENT PATENTS OF KEY COMPONENTS OF RIVETS
The first patent relates to a rivet setting device comprising a rivet setting means and a drive which actuates the rivet setting means, as well as a magazine-strip pulling means which comprises a roll in operative communication with the drive [11] . According to the invention, in order to be able to operate rivet setting devices of such a type also in a pneumatic and/or hydraulic manner, the drive comprises a pneumatic and/or hydraulic linear drive including a pistoncylinder means and a gearing is provided for translating a linear movement of the piston-cylinder means into a rotational movement of the roll at least temporarily.
The second patent included in this review concerns a self piercing rivet setting machine comprises a C-shaped frame, as shown in Fig. (2) a punch disposed at one end of the Cshaped frame, and a die disposed at the other end of the Cshaped frame [12] . The punch is attached to the edge of a receiver unit and it is pressed against the die by a punchdriving unit. A plurality of workpieces are placed between the punch and the die to be connected with each other by driving a self-piercing rivet in the workpieces to cause the self-piercing rivet to pierce the workpieces. The receiver unit includes a hollow shaft having one end connected with a feeding tube extending from a feeding device. The hollow shaft is supported by a support tube of the C-shaped frame. The receiver unit further includes a receiver head having an edge to which the punch is attached. The receiver head is formed to receive the self-piercing rivet fed from the other end of the hollow shaft and to allow the received selfpiercing rivet to be held by the punch one by one. The hollow shaft is supported to the support tube slidably in the axial direction and rotatably in the circumferential direction thereof. The receiver head is connected to the hollow shaft to be selectively moved to either a first position where the punch is faced with the die or a second position where the punch is spaced apart from the die, according to the sliding and rotating of the hollow shaft.
The next patent is related to an apparatus comprises a die assembly including a plurality of dies held on a movable table as shown in Fig. (3) , and a driving device for moving the die assembly [13] . The driving device is operable to move the die assembly in a direction transverse to the axis of a punch for allowing one of the dies to be placed in a position located axially below the punch. The driving device is also operable to move the die assembly in the axial direction of the punch between raised and lowered positions. In the raised position, the die assembly can be moved by the driving device to place a selected die below the punch. In the lowered position, the selected die can be fixed in a die mounting hole located below the punch. In this position, the punch is operable to join workpieces by riveting.
The following patent included in this review concerns a fastener includes a generally square flange having arcuate corners as shown in Fig. (4) [14] . Eight upstanding ribs are provided, equally spaced about the periphery of the flange. When the fastener is inserted in a piece of material, the ribs dig into the surface of the piece of material to prevent the fastener from rotating when a threaded fastener is advanced into the opening through the shaft from the opposite side. Extending upwardly from the top surface of the flange is an elongated shaft having two adjacent regions, one adjacent the flange having relatively thicker threaded walls and another distal from the flange having thinner unthreaded walls.
The other patent of the riveting fastener is related to a rivet-type fastener is disclosed as shown in Fig. (5) , suitable for panel fasteners and other applications in which retention in a hole is required [15] . The act of inserting the fastener expands fastener arms to secure the fastener in the hole, and positions locking protrusions of a post within notches of the arms, to lock the fastener within the hole. In some embodiments the fastener can be released, for removal and re-use.
The next patent concerns a riveting mechanism which includes a riveter having a lower upset post with a vertical member mounting a cylinder having a piston as seen in Fig.  (6) [16] . At the end of the piston is a roller. The cylinder can be actuated to move the piston and roller so that the roller contacts the outer side of a intermediate arm to move a stringer against the lower upset post to precisely locate the stringer relative the skin and lower upset post for riveting. The last patent in this area concerns a self piercing rivet fastening device which has a punch that drives legs of the rivet into portions of workpieces that are forced into a die cavity, in order to join the workpieces as seen in Fig. (7) [17]. Particular surfaces of the die cavity are modified to increase the coefficient of friction in order to prevent tips of the legs of the rivet from breaking through a workpiece adjacent to the die and forming holes. Fig. (7) . A self piercing rivet fastening device with improved die 1-punch 2-die cavity.
RECENT PATENTS OF RIVETS APPLICATIONS
A pneumatically operated rivet squeezer is described in the first invention in this part, having features that allow for the miniaturization of a squeezer to a size smaller than portable rivet squeezers presently available [18] . A first feature of the invention is that a return spring is accommodated within the squeezer housing by embedding the spring diametrically partially within a cavity in an internal wall of the housing and diametrically partially within a cavity in a jaw of the squeezer. A second feature of the invention contributing to miniaturization is that the squeezer utilizes a wedge having a very high mechanical advantage during the final stage of squeezing action, and a novel two curve surface for applying force to arms of the squeezer. A third feature of the invention contributing to miniaturization is that the squeezer utilizes a novel threading system for attachment of an air inlet piece to the squeezer housing, thereby eliminating the requirement for an O-ring to seal the attachment to the housing and achieving yet a further size reduction.
The second patent is related to a self piercing type rivet setting system as shown in Fig. (8) [19] . It comprises: a rivet swaging assembly; a robot which moves the rivet swaging assembly to put it in position relative to a predetermined site on a workpiece to be riveted; a single integrated controller made up by an integration of a controller for controlling a riveting operation of the rivet swaging assembly and a controller for controlling the motion of the robot; and a rivet Fig. (8) . A self piercing robotic rivet setting system 1-rivet feeder 2-rivet swaging assembly 3-robot 4-integrated controller.
feeder for automatically feeding a self-piercing type rivet to the rivet swaging assembly. From the integrated controller, a interface cable extends to the robot and another interface cable extends to the rivet feeder, and the rivet swaging assembly is integrally incorporated into the robot.
The other invention is in a swash plate type compressor, a swash plate is fixed to a boss by means of rivets as shown in Fig. (9) [20] . The swash plate is coupled to a plurality of pistons via shoes. When a main shaft is rotated to rotate a rotor, a rotational motion of the rotor is transmitted to the boss via a hinge mechanism which changes an inclination of the swash plate. Accordingly, the boss is rotated to rotate the swash plate at the inclination to cause the pistons to make reciprocating motions in cylinders via the shoes for performing a compressing operation. The next invention concerns a riveted structure for a pulley seat as seen in Fig. (10) [21] , comprises a base which is pivotally connected to the pulley and is provided with two apertures on the surface of the two sides thereof, respectively; and a panel which is provided with an elongate through-hole at the center thereof, and which can cover the base, such that the pulley passes through the through-hole and is exposed outside; wherein two rivets are integrally formed on the two sides of the panel, which are passed through the two apertures and then, pressed, whereby the two rivets are deformed and positioned on the underside of the apertures, thereby providing rigid connection between the panel and base and no riveted trace exists there.
The next patent is related to a hand rivet squeezer with adjustable handles includes a riveting head body, and Cshaped anvil yoke and stationary and lever swing-arm handles attached to the body as seen in Fig. (11) [22] . A mechanical linkage inside the body converts pivoting forces applied to the lever swing-arm into axial forces applied to a plunger pushing it from inside the body into the C-shaped yoke. The preferred mechanical linkage is a rack-and-pinion type design or alternatively a cam between the lever swing arm and the plunger. The handles are adjustable such that their angle relative the rivet head body can be varied depending on the access available around a solid rivet to be installed. The handles are engaged or locked to the body but may be unlocked or slidably disengaged and pivoted up to 90 degrees relative the body.
The following invention concerns an apparatus for riveting shell components to form a barrel-shaped structure such as an aircraft fuselage includes an outer part and an inner part that operate coordinated with each other under computer control as shown in Fig. (12) [23] . The outer apparatus part includes a riveting machine system movably carried on an annular machine guide that is supported on a stand that is movable in a length-wise X-direction. The inner apparatus part includes a multi-axis riveting robot mounted on a mounting frame that is movable along the X-direction. Instead of moving the inner and outer apparatus parts in the X-direction, it is alternatively possible to move the fuselage while keeping the apparatus parts stationary. A computer control unit provides control signals to achieve a coordinated and concurrent positioning of the inner and outer apparatus parts, and to carry out a coordinated sequence of riveting steps. Rivets can be automatically fastened even at difficult to access locations, while avoiding structural obstacles inside Fig. (11) . A multi-angle hand rivet squeezer 1-C-shaped anvil yoke 2-riveting head body 3-lever swing-arm handles. Fig. (12) . Two-part riveting apparatus and method for riveting barrel-shaped components 1-computer control unit 2-multi-axis riveting robot 3-riveting machine system 4-annular machine guide 5-stand.
the aircraft fuselage. The apparatus parts are supported independently of the fuselage on the floor of the assembly hall.
The last patent in this part concerns an improved method for constructing a steel stud frame wall or other sheet metal joining applications using self-punching rivet fasteners [24] . As seen in Fig. (13) , the steel stud frame wall includes discrete members to be joined, such as studs connected to a bottom (or top) track. A rivet is driven from the outside and staked on the inner, blind side of the overlapping regions of Fig. (13) . A rivet tool for steel studs 1-steel stud frame wall 2-self-punching rivet 3-fastener.
sheet metal. A leading tip of the rivet punches a chad and is then deformed in a die cavity of a setting tool to lock the formed steel pieces in position. The head of the rivet is pressed into the sheet metal during the setting operation so that a pocket is formed out of the surrounding sheet metal, the pocket having at least two distinct contours formed around the rivet head. The pocket allows the rivet head to seat into the outer surface of the sheet metal, thus facilitating a subsequent covering operation with wallboard or the like. The multiple distinct contours of the pocket substantially enhances the joint integrity in both sheer and rotational directions. The punched chad helps avoid the introduction of stress cracks in the sheet metal, thereby enhancing joint integrity. A tool for setting the rivet can be actuated mechanically, pneumatically, hydraulically, electrically, by combustion or any other known process.
CURRENT & FUTURE DEVELOPMENTS
It is obvious from the introductory part of this paper, that a great variety of the key components of the rivet has been developed over the years, which can be used in a variety of applications extending from manufacture of aircraft, auto and industrial areas. It is apparent that the structures of the two types of rivets are various and more attention would be paid on these in the coming years. These include manual and automatic rivets as well as complex automatic drill and rivet because it would take the most inventors attention to designing new complex structures of riveting for the developing complex mechanism and higher efficiency. The author believes that future patents would deal with various aspects of applications, possibly into areas not covered extensively so far.
Additionally, any embedded components of the rivets that would be developed would be integrated into the process/application so the future trends in this respect are developments of patents for the embedded components that will be part of a process or made specifically for a particular process and those integrated into the building structure in order to raise efficiency.
A major area of future research would be the development of new methods of control for accurate and fast response of control. More and more feedback devices used to enhance the control accuracy and speed of response should be added to rivets. The research in this domain is ongoing and future trends would involve the use of advanced theory of control in various areas of control methods for the higher working efficiency and more expansive application areas.
